Abstruct-The effects of measurement distance in distorting low sidelobe difference patterns are examined; this is a sequel to a paper on low sidelobe sum pattern effects. Previous calculations have used obsolete suboptimum aperture distributions. The Bayliss linear distribution is a versatile highly efficient and robust optimum distribution; its use here allows a single curve of sidelobe measurement error versus measurement distance (normalized to far-field distance 2 0 ' / A ) for a given sidelobe level. Data are given for patterns from a uniform distribution to a 50 dB Bayliss. Difference patterns require slightly larger measurement distances than sum patterns. For example, the first sidelobe of a 40 dB Bayliss pattern is in error 1 dB at a distance of 70' / A . The results should apply approximately for circular apertures as well.
I. INTRODUCTION
A far-field distance criterion is widely used for the measurement of antennas. It was shown [3] that the sidelobes and sidelobe level of low sidelobe antennas deteriorate if the measurement distance is not increased. That paper showed that the change in sidelobe level in decibels is a linear function of the log of measurement distance normalized by 2 D2/A; a different straight line occurs for each design sidelobe ratio (SLR). The latter is the inverse of sidelobe level. This paper derives similar results for the Bayliss low sidelobe difference pattern. Corona et al. [2] give sidelobe degradation versus distance for circular aperture difference patterns, but circa 1940 nonoptimum distributions are used, chosen for easy integrability rather than optimum placement of zeroes.
RADIATING NEAR-FIELD BAYLISS DIFFERENCE PATTERNS
Bayliss 111 produced a difference pattern analogous to the Taylor Ti pattern. This pattern gives maximum gain and maximum slope for a given sidelobe ratio, and has the l / u sidelobe envelope falloff necessary to give a robust, low Q aperture. Details of this distribution and pattern are given in Hansen [4] , so only the key features are repeated here. The Taylor "ideal" line source sum pattern was differentiated to obtain a difference pattern. However examination of this pattern showed sidelobes of irregular levels, and a non-monotonic envelope. An interative procedure was used to adjust the close-in zeros to yield equal level sidelobes. Only four needed to be adjusted; these four depend upon the sidelobe ratio. Bayliss gave results in terms of fourth order polynomials in SLR. These coefficients, and those of the parameter A are given in the references. The zeros are applicable for both linear arrays and for circular planar arrays. Only linear arrays are of concern here, but the near-field pattern measurement effects are roughly the same for planar arrays. The remainder of the zeros are the same as for the Taylor Ti case. The far-field pattern is given by either a ratio of finite products wherein the first E zeros of c o s v u are replaced, or by a sum of Ti terms; U = (D/A)sin 0. D is the aperture length, and 8 is measured from broadside. The aperture distribution is of importance here, as the near-field pattern is obtained by numerically integrating this distribution. It is:
(1)
n=O
The coefficients are
The aperture coordinate p is 0 at the center and 1 at the ends, and z, are the zeros. The pattern is given by
For any but near-field measurement distances the amplitude changes due to the 1/R factor may be neglected. Similarly the phase is sufficiently well approximated by the quadratic term. It is convenient to normalize the measurement distance R in terms of the far-field transition distance 2D2/A, where A is wavelength. This normalized distance is y , where
Then the quadratic phase coefficient p = .rr/8y. For difference patterns the slope at 8 = 0 is of importance. This is obtained by differentiating the pattern, with the result: Romberg integration has been used to evaluate both the pattern and slope integrals. Romberg order 7 is used for the pattern calculations; order 5 is adequate for the slope. The order m gives m trapezoidal evaluations, with 2" subintervals [5].
RESULTS
As is the case for Taylor 7i patterns, the radiating near-field change in the first several sidelobes of Bayliss patterns with Ti is small. The Bayliss amplitude distribution is zero at the aperture center, with peaks toward the aperture ends, and a nonzero value at the ends; see Hansen [4] . Little has been published on the proper choice of 7i for Bayliss patterns; one may expect an 7i that n =~ 0 makes the peak equal to twice the pedestal. Also, values of 7i that are too small will probably produce instability in the transition zeros, as occurs for the Taylor IZ patterns. Because of the similarities between the Taylor and Bayliss patterns, the values of E used here are the maximum for a monotonic Taylor distribution. Fig. 1 shows the important results from this study: change in first sidelobe level versus measurement distance ratio for line sources with uniform, 20, 30, 40, and 50 dB SLR. It may be noted that, as in the case of Taylor 7i patterns, the calculations result in straight lines on log-log paper. Each curve is terminated at that distance where the sidelobe has become a shoulder on the main beam with no dip. The utility of these curves is evident. For example, maintaining a sidelobe error of 1 dB or less for a linear array with 40 dB SLR requires a measurement distance of 7D2/A. These universal curves can be used for all linear antennas with optimum difference patterns, and are useful for circular apertures with Bayliss patterns also. The height of the second sidelobe changes very little. 
Some comments on the uniform difference pattern are in order. As the measurement distance decreases, the main beam-first sidelobe null fills in, and oscillations start to form in this region. The first sidelobe level actually decreases as shown by calculated radiating near-field patterns. Thus the line in Fig. 1 for this case must be used with care. It is believed that this phenomena is related to the Taylor E zero instability when E is too small. For these cases one should examine the near-in sidelobe envelope, and also the main beam oscillations. This is of lesser importance, as the poor sidelobes of uniform amplitude difference patterns make their use infrequent. Typical Bayliss radiating near-field patterns are shown in Figs. 2 and 3 for 40 dB SLR, and E = 11. The far-field Bayliss pattern has deep nulls, and a first sidelobe level of -40.523 dB; all near-field sidelobe levels are with respect to this value. That the nominal value is not exactly -40 dB is simply due to the limitations of the polynomial fits developed by Bayliss. Fig. 2 for 6 D 2 / A shows the first sidelobe raised, and the adjacent null close to disappearance. For 4 D 2 / h the first sidelobe has become a shoulder on the main beam, in Fig. 2 . In Fig. 3 , for 2 D 2 / h and D 2 / h the second sidelobe is raised, and the second null is filled in; the main beam has broadened with the swallowing of the first sidelobe. Note that only half the pattern is shown; the pattern is symmetric for --U.
Slopes at 8 = 0 are of major importance in tracking systems; these are finite although the decibel plots of Figs. 2 and 3 conceal this fact. Fortunately changes in slope with measurement distance are small. Using the distance that gives 2 dB sidelobe error, or 2D2/A, whichever is larger, gives a slope change of less than 1% from the far-field value for all SLR. Changes in peak gain are also small; these are comparable to the well-known gain changes with distance for sum patterns. Sidelobe level then, is the only significant concern in the measurement of low sidelobe difference patterns.
